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l. SUMMARY

On February 20, 1991, the National Institute for Occupational Safety and
Health (NIOSH) received a request from Integrated Performance Solutions,
Inc. in Boulder, Colorado for an evaluation of occupational exposure to

60 hertz (Hz) electric and magnetic fields produced by an electrical resistive
heating system installed at the workplace. Visits were made to the worksite
on March 20, 1991, and a follow-up visit was made to the manufacturer of
the heating system on August 22, 1991.

Extra low frequency (ELF) measurements were made on the heating system
at two different locations. The maximum levels of ELF were found to be
200 volts per meter (V/m) and 10 milligauss (mG) at one location and 4.9
V/m and 1.9 gauss (G) at the other location. These levels are to be
compared to the American Conference of Governmental Industrial
Hygienists (ACGIH) Threshold Limit Values (TLVs) of 25,000 V/m and 10 G,
respectively.

Based on the data collected in this survey and comparison with current
exposure criteria, the NIOSH investigator concludes that no occupational
hazard existed on the days of measurement from exposure to the electrical
resistive heating systems installed at these locations. Recommendations
are offered in Section VI to further reduce exposure levels.

Keywords: SIC 3634 (Electric Housewares and Fans), ELF radiation,
electrical resistive heating, electromagnetic radiation.
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INTRODUCTION

In February 1991, the National Institute for Occupational Safety and

Health (NIOSH) received a request from management at the Integrated
Performance Solutions, Inc. (IPSI) in Boulder, Colorado for an evaluation of
occupational exposure to extremely low frequency (ELF) radiation emitted by
an electrical resistive heating system at their facility. Radiation
measurements were performed at IPSI on March 20, 1991. A follow-up visit
was made with the manufacturer of the heating system on August 22, 1991.
Measurements made during the second visit were performed at a different
location than were the measurements for the first visit.

BACKGROUND

IPSI is a small two-person high-tech consulting company that provides
software and computer support to companies in the training business.

The heating system installed at the facility, when operating at the necessary
voltage and current, can produce both electrical and magnetic fields. These
fields, if they exist at certain magnitude, could pose occupational radiation
exposure consideration. An important feature of the resistive heating system
is the heating element. Unlike other heating systems that use single or
multiple wire/cables as the resistive element, this particular room-installed
system uses a continuous 31 centimeter (cm) wide, 1 millimeter (mm) thick,
bronze screen mesh positioned in the floor as the element. The mesh is
folded and laid out in long runs parallel to the longest room dimension.

Every room, on all floors (mainly up and downstairs) is normally designed in
this manner. Zone heating is accomplished by electrically connecting special
controllers to the mesh.

A step-down transformer is used with the heating element to produce
10-12 watts per lineal foot and screen temperatures up to 125°F. The
surface of the floor covering can reportedly reach about 85°F. The system
does not stay on continuously, but rather is designed to cycle around a
pre-set level. In addition, the system has a safety feature that cuts off the
heating elements for 10 minutes after being on for 55 minutes--if not
switched off before.

These systems are very effective in areas of the country where electrical
costs are comparable to costs associated with other energy delivery
modalities. This unique heating system is presently manufactured by one
company who reports over 1000 installations.

The NIOSH investigator was informed that the heating system had been
installed about 10 years ago. However, IPSI had occupied the worksite for
only 2 years. Moreover, since the time IPSI had been at its present worksite,
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the heating system was on for short periods of time due to concerns about
its safety.

MATERIALS AND METHODS

A Holaday Industries, Inc. Model HI-3602 ELF Sensor, connected to a
HI-3600 survey meter, was used to document the electric and magnetic
fields. The sensor also can measure the frequency as well as waveforms
produced by the electromagnetic fields. The electric field (E-field) strength
can be measured either in volts per meter (V/m) or kilovolts per meter
(kV/m). The magnetic field strength (H-field) is expressed in units of
milligauss (MG).

The NIOSH investigator made measurements of E- and H-field strengths at
IPSI as well as at another Colorado site. The latter survey was arranged by
the manufacturer of the heating system during the August visit. This second
site (a private home) contained a heating system similar to that at IPSI and
was installed by the same heating manufacturer. The visit to the second site
was to learn more about the operating characteristics of the system and to
obtain additional exposure data. Since both heating systems were not in
routine use on the days of measurements, they were turned on by either
IPSI personnel or the manufacturer. Measurements of the maximum E- and
H-field were taken in several rooms on all floors at both sites. At least two
readings were taken at each measurement site and the average of the two
readings was recorded.

The limited number of measurements taken at both sites were not intended
to represent an in-depth evaluation of the radiation fields at the site, but
were, rather, intended to approximate occupational exposure levels found on
the days of measurement. All measurements were made during daylight
hours at floor, waist, and ceiling heights.

The heating system manufacturer invited a representative of the Public
Service Company of Colorado (PSCC) to assist in the E- and H-field
measurements at the second site. That individual used a calibrated Electric
Field Measurement Model 116 magnetic field meter to document the
magnetic field intensity levels. All measurements with this meter made on
August 22, 1991, by the PSCC representative agreed to within 5% with
those recorded by NIOSH using its meters on the same day.

EVALUATION CRITERIA

The American Conference of Governmental Industrial Hygienists (ACGIH)
has published Threshold Limit Values (TLVs) for sub-radiofrequency electric
and magnetic fields. At 60 hertz (Hz), which is classified as extremely low
frequency (ELF), the E-field intensity TLV is 25,000 volts per meter (V/m)
and the magnetic flux density TLV is 1 millitesla (mT) or 10 gauss (G). In
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VI.

VII.

general, the experience of the NIOSH investigator has been that both of
these levels are far in excess of the reported typical exposure levels found in
most environments and/or workplaces.

The basis of the ELF E-field TLV is to minimize occupational hazards arising
from spark discharge and contact current situations. The H-field TLV
addresses induction of magnetophosphenes in the visual system and
production of induced currents in the body.

RESULTS

Maximum measurements of the 60 Hz E- and H-field intensities at IPSI were
200 V/m and 10 mG, respectively. The H-fields levels were highest at the
floor and ceiling (8 feet high) and were the lowest at waist level (4 feet from
the floor). The H-field intensity levels also varied as a function of mesh
direction as well as type of floor covering (i.e., carpeted areas less than tiled
areas).

Maximum E- and H-field intensity levels measured at the site chosen by the
manufacturer were different from those measured at IPSI. E- and H-field
intensities of 4.9 V/m and 1.9 G were recorded. The same pattern of H-field
intensities were observed both at the manufacturer's chosen location and at
IPSI (i.e., high at floor and ceiling, and low at mid-level). Figure 1 shows this
pattern. In addition, the same varying pattern of H-field intensities with mesh
direction in the room was also observed and is shown in Figures 2 and 3.

Waveforms captured by the Holaday meter and displayed on a digital
oscilloscope were found to be of the normal sinusoidal varying 60 Hz type at
both sites.

CONCLUSIONS AND RECOMMENDATIONS

While the pattern of exposures was similar at both sites, the NIOSH
investigator believes the differences in the magnitude of the E- and H-field
intensity levels between the two sites is a result of the heating systems being
turned on to two different heating settings when measurements were made.

The results reported in this evaluation can be compared with the results
shown in Figures 4 and 5.""1 Another source of comparison is the results
reported by Wertheimer and Leeper for E- and H-fields in homes having
ceiling cable electric heat systems. In that report it was stated that ceiling
cable heat exposes room occupants to magnetic fields of about 10 mG and
an electric field in the range of 10-50 V/m. Ambient fields in most homes,
including those with the more common baseboard electric heat are otherwise
less than 1 mG and about 10 V/m.®
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The levels of electric fields measured at both locations in this study were at
least on the same order of magnitude as the other reports indicate.

The magnetic field levels measured at the second location were higher
compared to either the worksite location, results from other types of sources
(as shown in Figures 4 and 5), or the above cited reference.

Based on the results obtained on the days of measurement, the occupational
exposure to 60 Hz electric and magnetic fields at both locations were below
present ACGIH TLV levels.

The following recommendations are offered to further reduce potential
exposures to the fields produced by these heating systems:

1.

While it has not yet been shown that occupational exposure to
either high or low levels of 60 Hz radiation, exclusive of electrical
shock issues, is harmful, it may be prudent to limit access and
exposure to these fields until more is known about the long-term
effects on tissues. For example, one way to control access and
exposure to E- and H-fields might be to limit the use of the heating
system during certain times of the day. Another way would be to
minimize the time one works in close proximity to either the floor or
ceiling.

The manufacturer should label or mark their system with basic
information about operating characteristics of the heating system,
such as levels of E- and H-fields produced, frequency, etc. This
may require them to purchase or acquire the use of such
instrumentation to assist in documenting basic exposure parameters
until further research, or exposure standards are developed, which
specify other measurement parameters.

Attached with this evaluation are two enclosures. Appendix A is a
resource paper published by the Electric Power Research
Institute (EPRI) that discusses electric and magnetic field
fundamentals. Appendix B is a copy of the background to the
present ACGIH TLV.
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INTFIODUCTION

, Tmsresmncepapefrememsmephy&cal principles that are essential for
understanding the potential relationship between power- frequency
alternating-current electric and magnetic field exposures and health eﬂects.
it provides the general technical reader with a basic background in the
prnciples of electricity. the physical characleristics of electric and magnetic
fields. andmenteracmbetweenmeseﬁeldsandb-ologscal systems.

mwbmngmaredlscussed

Basic electrical concepts
~Scalar and vector fields

“The non-ionizing electromagnetic energy spectrum
The ambient electric and magnetic field envuromlent
= - Power-frequency field measurement

Bnologacalscal'mandexpemmaldes:gn -

This paper

adoptsmonorwenhmsmatarenotyetuwersallyusednm

. power-frequency electric and magnetic field research literature. First, "EMF”
asosedlodoslgnaleeiecmcandiormagnemﬁelds Although this acronym
ovedapsmmmesm\enn'nessull-used engineering terminology. “electromo-
tive force™ {abbreviated. "emf’}, the increasing acceptance of "EMF” as a
genenclabelforpowerﬁequencyﬁeldsnlhelrmleasmmrmntal
agents dictates its use herein. Second. because the scientific community
usesmehtemauomlSyslemofmns(Slmns)ahnstexdmlyﬂus

: paperwi!llolmswmvenw!smmaﬂyparmmebcalmtgdmm |
: -'axeal-tz.mb.f)t)l-lznsmepmcnpal

: - . B ; - - ':

as necessary. .

' ELECTRICAL cONCEPTS
" This section reviews the basic physi- - -
calprmplesgovem'nglhetrms-
s:ondelecmcpower
Electric Charge ™
Elemd\argencmledbyelecm
- and protons. Electrons are negatively -
" charged: protons carry an equal
positive charge. Liteclwgesrepel
opposite charges attract. For ex- -

=4

ample, twoprotonswmrepeleam

. other, wlileaprotonandmelecum
_-ullbedrawnmgemerTheioroe
exenedbyelecmcd\argessvery
strong. approxmatelyabinmbillm
billion-biflion times stronger than the -

earth's gravity. In matter, the numbers k-

ofelecuu'tsmdprotmsareusm!ly
emalammetorcesdueloelecmea!
charges balance. When a substance
has an excess of either protons or
electronsncamesanete!ectnc :
charge. - Sl
Electnccl'large uﬁ"eﬂ\erposnweo:
. is measufed in units called-

) . eoulombs(C) One coulomb rapre-

semsmeoombmeddmrgeolsno"
electrons or protons, and individual
_elec:rmsandpmtonshavedwges
msno"c

AeonductonsmyMenalmM

- electrons can move freely and thus
_redistribute charge. Conductivily is
l'theptopertyolan-natenalmatdeier
mines the amount of current that will -

fiow through a unit area of the mate- -
“rial. It is expressed in units of

. slemens per meter {S/m). Metalsare‘_;-l
-~ work required to move a unit charge

. psually good conductors. When the

" - elecirons in a materia) are not free to -
,mereadi!ymemtenalnssaldmbe
' anlnsulator

Ansubstancesarecmductasand

'msdatorsbdlﬂermdegrees'lhe

paredmenmementc.electm'lsn

. two different materials and found that .-

electrons move much less freely inthe

A net charge on a conductor will be
‘evenly distributed over the surface of
the sonductor. A conductor is -

- grounded wnen it 1s connected to

- sorrethung that accepts excess
: cha'ge s::chasmeeanh

' Thernovementofd'nargem:gha |

corductor is called eurrent and is

. mezsured n amperes (A). One

‘amcere is the movement of one
coL >mb of charge per second pasta

- “given point. When there is a closed - -

patr for current 10 follow. a circult is -

- jorrmed. With direct current, the .

curent flows in one direction at a

" constant rate; with alternating current. .

however, both the rate and direction of

-current flow change periodically over

time. The frequency of change for
altemating current is expressed in

-cyces per second. or henz {Hz).
. Electric power

systems in the United

‘Staiss, Canada and Mexico operate

. - R

ghoederixwrerubﬂowﬁ-unone
poirt 1o ancther, there mustbea -

-,dlﬂerencehelectncpotenﬂaibe-

tween the two points. Potential is the '

: o a given point from an infinite -

dastmoe Adiﬂerencenpotermahs:;.'

t s

first material. then that materialhas ~ ] =+

_greater resistivity. Resistance,amore - |~ i S L
farmiliar term, describes the nsulamg‘ t S

- characteristic of a particular specimen |
of a material. Resistance is expressed

in units called ohms, and one ochmis
~ the reciprocal of one siemens (1/S). A -

periect conductor has zero resis-

m’msteresustance

- lance, andaperlectnsdatorhas

i'orwlnc hmmqﬂslnpw:
mmwenmq R

wmssm




defined by the work necessary to
cafry @ unit charge from one point to
another. This work is measured in

_ Joules per coulomb, or volts. There-
fore, a potential differencz, or voltage,
in a conductor creates moving

_ charges. i.e., a current. With alternat-

* ing current. both the voltage and
current vary sinusoidally. as shown in
Figure 1.

The property of a material that allows
it to maintain a potential difference
between two points is the dielectric
strength, which has units of volits per
-meter (V/im). When the potential differ-
ence between two points exceeds a
material’s dielectric strength, electrical
breakdown occurs. charged particles
(ions) are formed, and current flows.
The dielectric strength of air is about
2500 kv/m.

A non-conducting or insulating
material can also be called a dielec-
tric. Two conductors separated by a
dielectric material form a capacitor.
Charge may build up on the conduc-
tors and create a potential between
them. When the potential exceeds
the dielectric strength of the material
between the conductors, current will
fiow.

Power

Power is the rate at which energy is
used and may be expressed as joules
per second, or walts (W). Rtis the
product of voltage and current: voits x
amperes = joules/coulomb x cou-

Figure 2. A vector field depicted by arrows
whose magnitude and direction reprosent the
valies of the vector field at the points from
wiuch the arrows are drawn. The arow -
lengths get shorter as the fiek! weakens
{Feynman, 1564).

lombs/second = joulesfsecond =
waltts. A 10G-W electric tight bulb uses
100 joules per second. or 100 walils.
of electrical power. Electric energy
consumphion is measured in kilowatt-
hours (kWh), where one kWhis 100W
of power drawn for 10 hours, or any
other product of power in kW and time
in hours that equal one.

A potential of 120 V is supplied across
most electrical outlets in the home. A
100-W bulb then draws about one
ampere of current. A home that uses
720 kWh per month would average
1000 W and 8.3 A continuously. In
contrast, a 765-kV transmission line
may carry approximately 2 million kW
and 2500 A. The voltage in transmis-
sion lines is reduced to the level used
in the home by transformers, which
convert power at high voltage and low
current to power at lower voltage and

higher current.

FIELD CONCEPTS

A field is defined as any physical
quantity that can take on diferent
values at different points in space.
Temperature, which varies over
different locations on and above the
earth’s surface. is one example. The
vaiue of temperature at any point can
be written mathematically as T(x.y.2).
The coordinates (x.y.z) define the
exact location in space, and T(x.y.2) is
a number expressing the lemperature
measured at that location. If the
coordinales (x.y.z) happen to be the
location of a LJ. S. Weather Service
thermometer, then T(x.y,z) will proba-
bly be the temperature reported on
the local television station. Time.,
specified by the variable, t, can aiso
be included, and the time-dependent
termnperature hield would then be des-
ignated as T(x.y.z.1). The temperature
field is an example of a scalar field,
which defines a quantity (tempera-
ture) on a numeric scale (a thermome-
ter).

A vector field differs from a scalar

field in that there is a direclion associ-

ated with the value at each point in
the field. The velocity field of a flowing
fiquid is an example of a vector field.
it describes both the speed and
direction of the liquid’s movement.
Vectors are written with bold type. so
the velocity field can be written as-
vix.y.2.1).

Because these mathematica! con- ,
cepts are somewhat abstract, several
technigues are used to help visuvaze
vector fields. Two methods are shown
in Figures 2 and 3 which depict the o
same vector field. in Figure 2, the held -
is represented by a set of arrows .
whose lengths and directions indicate
the values of the field vector at the =
points from which the arrows are
crawn. The arrows gel shorter as the
held weakens. As Figure 3 shows. the -
same field can also be represented _
by drawing lines that are tangentto . - . -
the direction of the field vector at each -
point. The density of the lines is pro- . -
portional to the magnitude of the field
vector; i.e., the number of lines per
unit of perpendicular area is propor-
tional to the field rnagnitude.

THE ELECTROMAGNET Ic
SPECTRUM

The electromagnetic spectru'n en-
compasses the frequency range of |
non-ionizing electromagnetic energy.
Visible ight occupies only a small
portion of the electromagnetic spec-
trurn, and different frequencies of
visible kight produce different colors. .
Similarly, other frequencies produce
television, radio and microwave
transmissions. Figure 4 shows the
entire electrormagnetic spectrum by
frequency and wavelength.

Figure 3. A vector field depicted by lines that
are tangent 1o the direction of the Seid vector
at every point. The densily of the lines is
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When the distance from a source of .-
- electromagnetic energy is large com-
. . pared to the wavelength, the electric
. and magnetic fields zre finked and are
. . considered together as aradiating
electromagnetic field. The areain
which the linked fields can be ob-
~ served is called the “far,” or “radia-
- tion,” zone. A television signal—with
- . its relatively small 3-m wavelength—
broadcasts, cnadlat&c.-_asmelectm-

Eiecmcanduagnencﬁaﬁs
When the dis:ance from the source is
small with respect to the wavelength,
- the electric and magnelic fields are

- nqt linked. The fields are independent

" and ¢an be considered as separate

- entities. One-salwaysnmeso-mlled
* “pear,” or "static,” zone ol power-

v '!requency fieids because of their Img
Lo ngth Hence, powef-heqxency ,

- motion of the field and the charge,
. and B is the magnetic flux density.

fields behave as and may be treatec -
as separate. independent. non-
radiatng electric and magnetic helds
at any reahstic observation point. In

- fact, any radiation of the fields would
be contrary to the goal of transmitting .-

energy along the conductors with

-minimum loss of energy. Thus. when -~ -
studying power-frequency fields. we . -

must consider separate electric and
magnetic lields. not radiating electro-
magnetic fields. o

Electric and magnetic fields are .
vector fields. They can have different

- ‘magnitudes and directions at different
points in space and time and canbe -
" described by the methods discussed

above. These fields are defined by the
forces they exert on electncal
charges. -

- Electric Fields Electric |nelds are

created by electric charges. The
electric field. E, is defined by the
magnitude and direction of the force it

exerts on a static unit charge, E = Fiq. -

- where E is the electric field (at the:
-location of q). Fis the force. andq s

- the charge. E has units of newtons/

coulomb, or volts/meter. The magni-

‘tude of E describes the voltage grads-

ent, or the difference in voltage
between two points in the field.

- Electric field levels near high-voltage
; lransmssuonﬁnesarentheranged
- kilovolts per meter (kVim).

Magnechields Magnetic fields are -

created by moving electric charges.
Just as the electric field is defined by
the force on a unit charge, the mag-

. ‘netic field is defined by the magnitude - -
"andd'rectnonofmetorceexenedma

moving charge or curfent. F = g{v X

- B), Mmeransmeforce qisaunit
~ charge, v is the vector describing the

magnitude and direction of the relative

Relative motion. ¥, occurs when a

field moves past the charge (see
Figure 5). The force can also be’
written as a scalar quantity, F =

. qvB(sin o), where @ is the angle

between the vectors v and B. The |

magnetic flux density, which maybe
represented by lines of induction per
unit area, has units of newton-second/-

‘coulomb-meter, or weber/meter?, or
tesla, T. One tesla is 10,000 gauss
(G). a frequently used engineering

v

: 'Hmn-s.m:panalnlanolﬂlpduw

fux density. relative velocity, and force for a
charge moving relative 10 a magnetic field.
The vector cross product, v X B, resufts in a
_huvmlmnwmhmm,'
M\edbval.

_microtesia {(uT). which is one milliont" .
", o alesla. is more convenient. One
~_microtesla equals 10 milligauss. -

- The magnetic flux density, B, quanti- -
fies the magnetic field as E quantifies

the electric field. it is refated to the
magnetic field, H, through the mag-
- netic permeability, 1, by the relation
" B = gH. The magnetic permeability -
" depends on the medium. The mag-

- netic permeability of a vacuum is.

designated p, The magnetic permea-

- - bility of air and biological matter is es-

sentially the same as ‘I'h:smeans _
. that the magnetic flux is
mt:hanget:lt)_ylhepres;enceolli-ne's.l=

" materials.
"Asystemofunﬂsmalpreoededme '

present St system was the CGS -

e system, which has units of centime-
© - ters, grams, and seconds. Inthe cgs -

system, the permeability, p,, is dimer-

" " sionless and equal to one. As a resur.
- charge moves through the field or the -

B numerically equals H in the CGS
system, and the two came {0 be usez

* interchangeably. The value of p,intr2

Sl systemis )
1.26 x 10% henry per meter (H/m).

" This factor can be used to convert '

true field magnitude, which has units
of A/m, to flux density, in T, bylhe
expr&ss-ona p,H .




AMBIENT ELECTRIC AND
MAGNETIC FIELDS

Naturally Occurring Fields -«

The ear'n has an essentally static,

vertically-directed electric field of

- about 130 Vim near the surlace that is

- caused by the separation of charges

between the earth and the: iono-
sphere. The earth is negative and the
potental in the air is positive. To-
gether. they form a spherical capaci-
tor. with the two conducting surfaces
being the earth and the upper atmos-

~phere. The dilference in electrical
potential is maintained by lightning
which carries negalive charges to
earth. There is a diurnal cycle to the
lield magnitude, as shown in Figure 6.
On average, about 2000 thunder-
storms are occurring at any time, and
there are about 100 lightning flashes

per second worldwide. Fields of 10

kV/m or higher can occur during

thunderstorms.

Figun_?. A typical three-phase,

The geomagnetic field is also essen-
tially s:atic, with a magnetic flux
densi-y that averages about 50 uT
{0.5 G) at middle latitudes. but varies
between the equator and the poles.
Measured vertically, it is greatest at
the magnetic poles—about 67 uT
{0.67 G)}—and has a value of zero at
the magnetic equator. In the horizontal
direct on, it reaches a maximum of
about 33 uT (0.33 G) at the equator
and is zero al the magnetic poles.

inale Circui
ransmission ine (adapted from WHO, 1984).

Power-Frequency Fields

Fields near Overhead Transmission
Lines. 60-Hz electric and magnetic
fields near high-voltage transmission
lines have been more extensively
studied and better characterized than
for any other environment. In the
United States. bulk electric power is
most commonly conveyed by over-
head alternating-current transmission
lines. Lines with voltage ratings of less
than 345 kV are designated as high
voltage, while 345 kV and above fines
are extra high voltage. A typical
transmission line consists of three
phase conductors per circuit. Mul-
tiple, or “bundied,” conductors for
each phase are used at higher volt-
ages to control corona-related effects
(such as audible noise) or on heavily
loaded lines. Each phase is sequen-
tially separated from the other by 120
“electrical degrees.” or one-third
cycle, with respect to the 60-Hz power
frequency. Figure 7 shows a typical
transmission kne.

Transmission lines are identified by
their nominal phase-to-phase voltage.
Typical nominal voltages in the United
States are 69, 138, 230. 345, 500 and
765 kV. In practice. however, operat-
ing voltage. which is the diflerence
between any two phases of the three-
phase circuit, can vary from the
nominal rating by a few percent,

usualty above the nominal rating. For -

example, a 500-kV fine operates at
around 540 kV. phase-to-phase, with a

" range from 525 to 550 kV. Phase-to-

ground voltage is equal to the phase-
to-phase voltage divided by v3
{1.732).
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Blectric fields near transmission lines ~

are usually measured or calculated at
a height of 1 m above the ground. The
magnitude is largely determined by
the line voltage and the height of the
8 shows a plan view of electric field

contours at 1 m above the ground cal- Y

culated for a S00-kV double-circuit
(six conductor bundies) kne. The cal-
culated values apply $o a location

above an open, fiat surface. Conduct- -

ing objects such as vegetation, L
buildings or people will “perturb,”or . -
distort, the field and can act as
shields to reduce levels significantly.

Electric currents flowing through

also create a magnetic field. For a
500-kV double-circuit kne, the maxi-
mum magnetic flux density at a height
of 1 m above the ground is about 35
uT (350 mG). The flux density beneath
a 765-kV line carrying 1000 A per
phase is about 15 pT (150 mG).
Figure 9 shows calculated magnetic
flux density profiles for different
transmission lines. Unlike the electric
field, the magnetic field is not normally
perturbed nor shielded by objects.
Fields near Underground Conductors.
When the conductors are placed

. underground rather than strung

overhead from towers or poles, the
characteristics of the fields change.
Because the conductors are closer

together underground. the fields tend L
to be lower due 10 the canceling eflect -

of the phase differences among the
people can be in closer proximity o
underground tonductors, o the
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- those of overhead lines. Thus, putting

necessaliyelirrmate EMF exposure.

'Fields in the Home Environment.
Electric and magnetic fields are

R produced by virtually every use of
- electricity. Electric field levels in the

* centers of different rooms in a typical
United States home are shown in
Table 1, while Table 2 lists levels

. measured 30 cm (about 1 foot) away

- difference in leveis between the two

mblesshowshowrap-dlymee!ectnc
field decreases with distance from a

These electric Field levels are orders

7 of magnitude below those that can -
cause these data result from limited
-measurements, they should be con-
. sidered anecdotal. They do indicate,

‘however, the general range of levels
that may be encountered in the home,
alﬂ'a.ighmdeunabdltynustbe
expected.
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" Researchers have also measured

magnetic flux densiies n the vicsnity .
of nearty 100 different household . - .
-apphances. Table 3 shows the mag- _
netc flux densities at distancesof 3
_.cm. 30 cm and "1 m from difterent ap-
pliances. At 30 cm. levels range from -
" 003uT1030uT(0.3-300MG). As . =
: Table 3 shows, magnelic flux densities
. .gecrease rapidly with distance. Unlike
-- electric field levelsinthe home.,
“magnetic flux densities close 10 some
“household appliances are higher than
‘ encountered under transmission lines.’
Reﬂdenhalbad&QrMmagneuc
fields, away from appliances, range
from 0.05 to 1 uT (0.5-10 mG).

~ Sources. some of which are shownin
" Figure 10, include distribution lines, -

residential grounc:ng sysiems.
umsua! wirnng oonﬁgwanons mthm

Dustnl:ntmimshatseweresr—

' dences use a variety of primary .

-voltages and transformer connections.

. generalty having both primaryand =
aecondaryoonductors(mres)me‘a_

torsgeneranyconscstdtwoenet-
gized wires at the nominal residential

* voltage of 120 V (240 V between the

twowres)andmeneuualwhd\sal

" dences, while service 10 each home is -

. supplied via a service drop, which is
generallyaﬂ\ree-\mrelineoumected_ '

'*Iomeseconda:yw'nductors

ﬂ'leprrnarynet.lralmlsgrw\ded

 at each distribution transformer and at .

- feguilar intervals along the line. The .
. secondary neutral wire is grounded at
. the distribution ransformer and at
__each-esnence'ssemoeemranoe

_~ This multi-grounding practice is

responsible for some of the sources of
magnetic field found in residences. :

Dlstnbunor!nrmcanbewbdmded'
- ino three separate magnetic field

gswces:balamedwrentshprinar'y
" wires, balanced currents in secondary

- wWires, andnelwrremmchlsthe
vectorss.molaldeualm




Table 1. 60-Hz electric field levels
at the center of various rooms in a
typical U.S. home; 1974. -«

Location Yim
Laundry room 08
Dining room 0.9
Bathroom 12-15
Kitchen 26
Bedroom 24-78
Living room 33
Hallway - 13.0

Source: WHO, 1984

Table 2. Typical 60-Hz electric field

levels at 30 cm from 115-V home

appliances.
Appliance V/m
Broiler C 130
Stereo 90
Refrigerator 60
Electric Iron - 60
Hand Mixer 50

- Toaster 40
Hair Dryer 40
Color TV -30
Coflee pot 30
Vacuum cleaner - 16
incandescentbulb 2

Souwrce: WHO, 1984

An important distinction exists be-
tween the magnetic field produced by
balanced currents and that produced
by net current. The field from net

T . current is nversely proportional 1o the

distance from the line. while balanced
currents produce a field inversely

- proportional to the square of the

distance. Magnetic field values pre-
dicted from only balanced distribution
line currents are thus likely to under-
eslimate measwred levels. Thisis
because the net current becomes the
major contributor to the magnetic field
far from the line. in the case of under-
ground distribution lines, the field is
usually negligible. It decreases
rapidiy with distance if the currents
are balanced. or else the field de-
creases approxamately in inverse
proportion to the distance, ndncalnng
the presence of net current.

- The spatal distribution of a magnetic
field caused by a net current is more
uniform throughout a residence than

Table 3. 60-Hz magnetic flux densities near various appliances.
Appliance. Magnetic Flux Density, uT
3cm 30 em im
Can openers - 1000-2000 35-3 0.07-1
Hair dryers 6-2000 0.01-7 <0.01-0.3 -
Electric shavers 15-1500 0.08-9 <0.01-0.3 -
Drills ‘ 400-800 2-35 0.08-02 '
Mixers 60-700 0.6-10 0.02-0.25
Portable heaters 10-180 0.15-5 0.01-0.2%
Blenders - 25-130 0.6-2 0.03-0.12
Television 2.5-50 0.04-2 0.01-0.15
Irons ' 8-30 0.12-03 0.01-0.025
Coftee makers . 1.8-25 0.08-0.15 <0.01
Refrigerators 0.5-1.7 0.01-0.25 <0.01
~ ‘Source: WHO, 1967

that caused by balanced currents (the
magr.etic field from balanced currents
decreases more rapidly with dis-
tance), and much more uniform than
the field caused by current in the
grounding system.

" A grounding system consists of all of

the connections between the service
drop neutral wire and the electrical
ground at the residence. A common
situation. one in which the neutral wire
at the service entrance is grounded to
ametallic water pipe, allows neutral
current from a 120-V household appli-
ance to return in part through the
service drop neutral wire and in part
theough the ground connection to the
water line. The current returning on
the water pipe (the ground current)

flowstomewatermain.and .
) -l- - -

Figure 10. Sommmofresndeﬂnalmmtcields applance {lelevision). grounding CoeT

neighboring water pipes and service
drop neutral wires. Grounding of the

. neutral wirg at the service entrance, -
which is done for safety reasons, can

have the effect of creating a current
loopandtlusbeamceofmg—
netic fieid.

Usually, only a smalt percentage of a
residences neutral return current
flows back to the transformer as

ground current through water pipes or .~ .

other ground return paths. However, in
some homes a high proportion of the
neutral return current may flow back
to the transformer on ground paths
other than the service drop neutral

occur, are most often found on water

-

system

indicale the direction of net current flow at a point in ime. mmwmmydwm

. changing load, such as appkance usage. WMWMMMI

wnng. mmmatmmwmmmmm




pipes. In Some cases. however.
ground current may aiso fiow on cable

P telewision lines, telephone fines,

- ground rods. connections to steel -

A " concrete reinforcing rods, and on
;.- . . other connectionsto ground. ->

iGrmndanentsproduceaverym
uniform magnetic field within the living
space of a residence because of the

" wadely dittering distances from the

. grounding system current paths. The .
- field also varies greatly in time since

i~ - the ground current changes every -

time a 120V appl:ance is switched on

- oroff. -

. House wiring lsgeneraﬂynolaswrce
of magnetic field except in some -

‘- unusual stuations. For example. a -
. source occurs when a neutral wire is -

" grounded at another location inside
the residence in addition 10 being

" grounded at the service entrance. -
This produces a current loop and a .
poss:bie magnetic field source.

Finaﬂy cwentsmatransmsuonlne
can be a dominant source of mag-
- netic field in a home near the right of

" way, even though the distance may be

- greatermanmaﬂromlhedlsmbuﬁm

' =Asunrrmryatresn.‘.entxafmagnenc:
field characteristics for different
sources is provided in Table 4. The

. ,tablembdesappﬁancesasaﬁeid
. .source, as discussed previously, as
wellasobservatnonsonlhehamnmc
content of the field. -

Fseldshmewmtplace Electncﬁeld
levels in the work environment

fange
from 1-100 V/m in offices to 10 kv/im . ~

or more in specialized settings. For -
persons in “electrical ocwpabons'

. paraliel to the axis of the box is -

such as electricians. power station
operators and electromcs workers,

- valoes are typically on the order of 10

1o 100 Vim. Typical magnetc Hux

- densities in offices range rom Q.1 to
10 uT (1-100 mG). Levels lor electri- .-
" cal occupations also range to around

10 uT (100 mG). although magnetic
flux densities 0f.8.000 uT (80 G) have.
been measured near furnaces in the

- glectrosteel industry, and ashighas .-
. 1,700 uT (17 G) near a spo! weidmg L

machlne-

FIELD MEASUREMENT
Many different techniques are avail-

Electric Fields

" Electric fields are usually measured -

" with a free-body dipole probe.a -~
- device that measures the induced

current between two halves of an
isolated conducting body. Co:amer-
cial meters often use a rectangular .
box for the conducting body. The
current flowing between the two
halves of the box in an electric field

1o the electric field

‘magnitude and the frequency. ie.. | =

KiE, where | is the current, f is the

" frequency (60 Hz2), E is the electric
field vector (magnitude and direction), .

andksaproporhonahtytactor(see
anureﬂ) S

)
- tseeuu(lenﬁ.wss}
- :'Magnencﬁelds

sim'g

:Gwn:l

o .Hylll‘l‘l.ongramdahe-hndyelewl:
able for measuring power-frequency e meter The device measures the current

- electric and magnetic fields. Com-
~ monly used methods for measuring
" both types of fields are descnbed

" here..

induced between its two isolated, conducting -
mmmmmmm .
h“m‘-m ..

instruments in common use ior .
measuring power-frequency magnetic’

. felds are based on Faraday’s law of .
~_ woltage induction in a conducting coil
: (seeﬁgueiz) A conducting loopin -
- a time-varying magnetic field will have
- a voltage induced in the loop. The
. . device can be made more sensitive
. by increasing the number of Isops. -
-+ forming a coil. The induced valtage © .
* - is calculated using the equation, V =

2ninAB, where { is the frequency. nis -
the numberoftums inthe coil. Ais -~
the areaofthecoil, andBisthe -~
magnetic flux density perpendicular -

" t0 the plane of the coil (see Figure

12). Simpie coils must be oriented _ -

‘;mtrnnmeﬁeldtooblamamx:mm :
- reading. Other, more soph:sucated
" instruments having three mutually
rperpendncu.arooilsdonotreqmre
-mmalonemauon :

e Tablel.Resdenualmagnehcﬁeldsourcedmaclensm
|souce - . SpatialDistribution - - Temponldisu'ibutlon , -mmoniccomem
1 Transmission Lines Practically uniform - Relatively uniform _Pracicallyzero . .-
Distribution Primary . | Non-uniiorm Diumal cycle | lLow&dharmomc(i-S%)
DistributlonSecondary ‘Non-uniform . Very non-uniform . * High harmonic content |
NetCurrent - - | Shghtly non-uniform Non-uniform l-ligh3rdhannmac(20—150%)
G_roundlngSystem ' Verymri—uifbrm' - Very non-uniform -,I".ighmbﬂ-ﬂthhamongqs_
".7% | unusual Wiring Very non-uniform © Very non-uniform May be high - ‘
L Aﬁpl_lanees 2 meumuﬁm Exlmmelynon-unﬂorm 'Deperdsonapplianoe




Figure 12: Diagram of a magnetic ield cod.
-~ The magretc flux density is proportional to

the voltage induced in the coil, with propor-

Sorality constant 2xinA (see text)

(WHO, 1987).

BIOLOGICAL SCALING

" EMF interactions vary between differ-

ent animal species and between
animals and humans. .Interactions with
biological organisms occur in two
major ways. First, any conducting
object {including animals or humans)
will perturb and enhance an electric

. field. Second, both electric and
magnetic fields will induce currents in
biological material. In order for
laboratory experiments using animals
to be relevant 1o the EMF exposures
humans might experience, the experi-
mental design must take into account
how these interactions differ from
species 10 species. The following
discussion briefly explains these
interactions. .
Field Perturbation
The electric field measurement
method described above yields the
value of the unperturbed electric field.
This is the quantity that is reported
when electric field levels are cited.
When a conducting object is placed
in the field, however, the field is per-
turbed and enhanced. The amount of
enhancement depends on the shape
and size of the object as well as onits
orientation within the field. A thin disk
perpendicular to the field will cause
little perturbation. A sphere, on the
other hand. will concentrate the
electric field at its top up 1o several
times the unperturbed value. The field
level just above the head of a
grounded, standing person is 15 to 20
times that of the unperturbed field.
The enhanced electric field will have
different values at different points
about a human body and will vary with
body posture.

Because enhancement depends on
the object’s size and shape. the
electric field will be different around
laboratory ammals than around
people. For example, pigs and rats,
both of which have been used in elec-
tric field bioclogical effects researc
concentrate the fieid above their
backs by factors of about 7 and 4,
respeclively, rather than the factor of
15 to 20 that applies tg humans.
Agam, this value depends on posture.
A rat rearing on its hind legs will
create a higher level than when
standing on all four legs—in fact,
more like the levels an upright human
will experience. in general, the fieid
will be higher about surfaces with
smaller radii of curvature.

Unlike electric fields, magnetic fields
are virtually unperturbed by the
presence of biological materials.

induced Currents

Electric Field Exposure. When a
conducting object is placed in a 60-
Hz electric field, the force of the field
causes charges within the object to
move and eiectric fields and currents
are induced in the object.-If the object
is grounded, the current all flows to
earth, and this tota! current is referred
to as the short-circuit-to-ground
current. The amount of current flowing
through various parts of a person
standing in an electric field depends
on :he surface field, the conductivity
of the body tissue through which the
current passes, and the degree of
grounding. Induced currents can be
Quantified as current density, which is
the amount of current lowing through
a unit area of the body. In a person,
for example, the current density is
less through the torso than through
the neck and is greatest through the
ankles.

Jus! as electric field levels are con-
centrated in different amounts at the
surfaces of different animals. short-
circuit currents and internal current
densities also vary among different
animals. Thus, the same unperturbed
electric field wilt induce a total current
in a person that is about two orders of

. magnitude greater than in arat. The

induced current density may be one
order of magnitude greater.

Time-varying magnetic fieids induce: '

electric fields and currents in the
bodies of humans and animals
according to Faraday’s law, E = xirB.
where E is the electric field, fis the
frequencv r is the radius of a loop tha!
is perpendicular to the magnetic field,
and B is the magnelic flux density. -

The larger the radius. r, the targer the '

electric field and current. For a
person, the radius is greatest at the
perimeter of the body. The current -
density, J, induced by the electric
field, E. is found from J = SE, where S
is the electrical conductivityin -~ .
siemens. As an example, a 10-uT
(100-mG) fieid will induce an electric
field of 0.19 mV/m if the radius is 0.1 -
m, which approximates the size of the
human torso. The conductivity of the
body is 0.2 S/m, so the resutting
current density will be about 0.38 mA/

m?. An equivalent current density will -

be present in the ankles of a -

grounded person in an electric field of

about 200 Vim.

Because EMF interactions are so
variable, levels of electric and mag-
netic fields used in laboratory re-
search must be scaled to produce
comparable doses in diflerent spe-
cies. For example, unpenurbed -
electric fields of 30 kV/m for pigs and
65 kV/m for rats have been used to

simulate the exposure of a persontoa - -

12-kV/m field. considering maximum
surface electric held as the dose of
interest.

Experiments investigating the biologi-

' cal effects ot EMF field exposure mus:

identify the parameter to be studied

and base the scaling on that variable.

For example, if a study is designed
using the assumption that the electric
field is the important parameler, then
scaling shouid be done based on the
field. If a biological effect is associ-
ated with induced current, then

. current density would be the parame-

ter of interest and scaling should be
based on it. Faraday's law, E = =frB.
discussed in the section above, can
be used 10 compare current densities
due to different magnetic field levels

. in different species, for example, by

considering differences in the radius
of body dimensions.




S1 System Units
P Quantity “‘Unit
o7 Cumem - ampere (A)
L Curremdens:y' . ampere/meter?
_Electric field “.volt/ meter(Vim)
_ Frequency hertz (Hz) -
: ‘Magnencﬁeld slrength ampere/ meter
' , HAm)
=Magnehcllux -~ weber (Wb) )
: Magneuclluzdensny - tesia (T)aWtvm? -
- Permeability henryln'lete'r
g P . {Hm)
- - ) -Mm
micra p - 10¢: . one miionth
‘mi Tm /102 one thousandth
K 10~ . one thousand -
M

GLOSSARY

ampere - the unit of electrical current
capacitor - a device made of two
conducnng surtaces separated by
- a chelectnc:
circuit - a closed canduc.mg path for
- the flow of turrent. = :
conductor - a matenal that allows the

fiow of charge The wires on trans-

mission lines are conductors.
-coulomb - the ur it of electnc charge
{C). One eleclron {or proton) has a
charge of about 16 x 10°°C. -
current - the flow of electnicatly
. charged particles. - The unit is the
ampere {A).
dielectric - an insulator or non-con-
ductor.

 dielectric sﬁéngth - the maximum

electric field strength that a material
can withstand without breaking
- down and conducling. -
dose - The amount of a physical or
- chemical agent interacting with a -

~ electric field - a vector lield describ-

ing the electrical force on a unit
charge in space. Electrical
~charges are a source of electric

- fields. The electric held from a

“power line is an alternaling. 60-Hz
field due to charges on the con-
ductors.  The ntensity of the elec-

tric field is expressed in volts per

-meter {V/m}) or kilovoits per meter
(kV/m). :

'ELF(extremeI'ylowlrequency) de- ‘

notesthehequencyrangebelow
300 Hz. -

: 'exposum - the joint occurtence in

. space and time of of a person and
the physical or chemical agent of .

concern. expressed in terms of the

-environmental level of the agent.

field - any physical quariity that takes

on different values at different -

points in space.
frequency - the number of complele

cycies of a periodic waveform per-

unit time. - The units of frequency
are Hertz {Hz). which is equivalent

tocyclespersecond

gauss - the histoncal. CGS unat cf
magnetc flux density One gauss -
_(G1s 107 T or 10* Wbim?

.. grounding - connecting a charged

- conductor 1o something that wat ac-
cept excess charge for example
-the earth.

. insutator - a non~conduclor

magnetic field - a vector field de-
scnbing the force expernenced by
magnetic objecls or moving electrn-
cal charges n space. The untis -
the ampere per meter (Afm). -

magnetic flux density - a vector ireld.
‘which is relaled to the magnetic .
field by the magnetic permeabdity
ol :ne medium. The Sl unit is the
testa (T). The historical unit is the
gauss (G). which equals 10°T

'net current - the vector sumof the

currenis i all the wires (primanes.
secondaries and neutrals) of aine. -

. nettral - the wire at ground potential

carrying the return current of -
_.energized wires. T

'ohm the unit of electrical resistance. =

potential - electrical potential energy.
defined at a point by the work -
" necessary to bring a unit positive
- charge to the point from an infinite
- distance. The difference in poten-
tial between two points is defined

- bythe work - necessarytocarry a

unit positive charge from one to the
other. The unit is the volt (V).

. power - the time rate 2’ which work is

done. Eleclrical pov-er is propor-
tional 10 the product of current and
voltage. The unit is the watt (W).

‘primary (of a distribution Hne) - the

set of wires at voltages higher than
" the residential service voltage (120

V)matareoomecledlodusmbmm o

" transformers. .

resistance - lhepropeﬂyoioonduc

" tors that delermines the current
‘produced by a given difference of
. potential. .The unit is the ohm_ A
_ difference of potential of one volt
- will croduce a current of one

B ampere in a circuit where the resis-

’_'tanceusoneohm




rms - 100t mean square. the square
root of the average of the squares
of individual values. For a sinu-

 soidal variable, such as the?ampli-

tude of 60-Hz alternating current.
the rms value equals the peak
value divided by the square root of
two. Measured and calculated
E&M field levels are usually rms
values. )

-secondary (of a distribution line) -
the set of three wires, two of which
are energized at the residential
service voltage (120 V) and one of
which is the neutral at ground
polential, connected to one {(or
more) distribution transformer(s).
The secondary supplies the service
drops of indvidual residences.

service drop - the line composed ol
three wires (two energized wires at
120 V and a neutral) that goes from
the secondary of a distribution line
to a residence.

_siemens - the S! term for the mho, the
historical unit of conductance.

testa - the unit of magnetic flux den-
sity (T). equivalent to 10° gauss (G)
or 1 Wb/m?.,

transformer - a device for changing
from one set of voltage and current

- levels to another while conserving
their product. electrical power.
voltage - the electrical potential
energy difference per unit charge
betwe:n two points. The unil is the
" volt {V).

References

The foliowing references were used
in preparning this resource paper. The
reader is referred to them for further
information on the subject of power-
frequency electnc and magnetic
fields.

Biological effects of 60-Hz power
transmission lines. Florida Electric
and Magnetic Fields Science Adwi-
sory Commission Report. Tallahas-
see: Florida Department of Environ-
mental Regulation, 1985.

The effects of electromagnetic fields
produced by high voltage transmis-
sion lines. Lansing: Michigan
Legislative Science Office. 1984.

Electrical and biological effects of
transmission knes: A review.
Portland, OR: U.S. Depanment of
Energy. Bonneville Power Admini-
stration, 1985.

Environmental Health Criteria 35: Ex-
tremely Low Frequency (ELF)
fields. Geneva: World Health
Organization, 1984,

Environmental Health Criteria 69:
Magnelic Fields. Geneva: World
Health Organization, 1987.

Epidemiological studies relating hu-
man health to electric and mag-
netic fields: Criteria for evaluation.
Internationat Electricity Research
Exchange, 1988.

Evaluation ot health and environ-
mental effects of extra high voltage
(EHV) transmission. Final report.
Chicago: IiT Research Insti-
tute, 1979. Prepared for U.S. EPA
Office of Radiation Programs.

Feynman RP, Leighton RB. Sands M.
The Feynman Lectures on Physics.
Reading. MA: Addison-Wesley
Publishing Company, 1964.

Gauger JR. Household appliance
magnetic field survey. IEEE Trans-
actions on Power Apparatus and
Systems 1985; PAS-104:2436-44..
Jackson JD. Classical Electrodynam-
ics. New York: John w:ley&Sons s
Inc., 1962. R
Reitz JR Mitford FJ. Foundanons of - =
Electromagnetic Theory. Reading. ~ . .
MA: Addison-Wesley Publasheng R
Company, 1967. _ o
Sears FW, Zemansky MW. Conege RS
Physics. Reading, MA: Addison-
Wesley Publishing Company. 1960 C
Sheppard AR, Eisenbud M. Biologics - -
Effects of Electric and Magnetic -~ -
Fields of Extremely Low Frequency = = .
New York: New York University =
Press, 1977. .
Winch RP. Electricity and Magnetism
Englewood Clilts. NJ: Prentice-Hall
.. 1963.




. - -
- co . - - - ~- . . R . o _ . i :
- i . . . . . S N . N ) R . - : i
N - : - - PR - _ b - -
T N - .- .. R - b4 R s . F . - ° R
- o3 A - - " N .
- - r s . - A . T .
o S - [ . ; - T - - . . . - .. e .
. ) - .- 3 - ~ - B - - - N
ey ™ - - - - : o - -7 h . .
s . . o e . P 4 T - L . )
3 I S - o : SR . : - - = [ . B . -
R ; - H . L - - - N LT
e - : - h - - b - N . = T
. . . - e - .
- : - . L . - .- .
A - - - - . . . . ) - - - . -
: - . . . R - .. L - L
e . .




*SUB-RADIOFREQUENCY (30 kiiz and below)
MAGNETIC FELDS

These TLVSs refer to the amplitude of the magnetic flux den-
sity (B) of sub-radiofrequency magnetic fields in the frequency
range of 30 kHz and below to which it is believed that nearly all
workers may be exposed repeatedly without adverse health ef-
focts. The magnetic field strengths in these TLVs are root-mean-
square (rms) values. These values should be used as guides in
the control of exposure to sub-radiofrequency magnetic fields and
should not be regarded as a fine line between safe and danger-
ous levels.

Routine occupational exposure should not exceed:

Bm,==?mT

where { is the frequency in Hz.
At frequencies below 1 Hz, the TLV is 680 mT (i.e., 600 gauss).

The permissible magnetic flux density of 60 mT/f at 60 Hz
corresponds to a maximum permissible flux density of 1 mT. At
-~ 30 kHz, the TLV is 2 uT which corresponds to a magnetic field
strength of 1.6 A/m.

For workers with cardiac pacemakers, the TLV may not pro-
tect against electromagnetic interference with pacemaker func-
tion. Some models of cardiac pacemakers have been shown to
be susceptible to interference by power-frequency (50/60 Hz) mag-
netic fields as low as 0.1 mT. it is recommended that, lacking
. specific information on electromagnetic interference from the
-~ manufacturer, pacemaker wearers should not be exposed 10 fields

- exceeding one-tenth of the TLV at frequencies above 6 Hz (e.g.,
the exposure limit would be 0.1 miT at 60 Hz and 1.0 miT at 6 Hz).
Below 6 Hz, exposure of pacemaker wearers should be limited
to 1.0 mil.



'éhn-ﬁnnméntuumcv (30 Kz and below)
=" AND STATIC ELECTRIC FELDS

: MTLVsmferbmemammunmpmmdmkplaoeﬁald
Mdm@mmmmzmdmm);
andslatrceleclncﬁeldsthatmpmserﬁcondstmunderwhndl
" wis believed that nearly all workers may be exposed repeatedly .

.. without adverse health effects. The electric fiek] intensitiesinthese -

TLVsam:oot—mean—squam(m\s)nlues.Thevahesshouldba
- used as guides in the controt of exposure and, due %0 individual
,wsceptlbllny.smuldnotberegardedasalineunebemeensafe
_“and dangerous levels. The electric field strengths stated in this
-~ TLV refer to the field levels present in air, away from the surfaces
demductors(wheresparkdschargesandcomactmrlsmay;
posestgmﬁcarthazards) :

Occupanonaluposuresmouldnolweedaﬁeldstrengm :
,ol25kafmm0Hz(DC)to100Hz.Forfmquetmesmmemnga :
oHOOHzlo“d-lz.theTWlsgvenby' )

: Em_z,smosw,,,,

B . f
wherehsmehaquencymﬂz. o
‘Avalueofszsvmnstheexposuralimulorfrequenc:esﬁomit
Notes: - ~ 

; 1.‘Th|sTLV|sbasedonlimmngcunanlsonﬂlebodysurtaoe'
~ and induced intemal currents o levels below those that are
believed to produce adverse health effects. Certain biolog:-

cal effects have been demonstrated in laboratory studies at -

e!ectncﬁeldstrengmsbelowﬂmsepermmedmmenv'“:"

‘however, there is no convincing evidence at the present time -
chupanonalexposurebmeseﬁeldlevelsleadsbad-. o

. versa health effects. - - .
2 Fieldstrengmsgleatermanmpmmate!ys-Tk\flmm L
,produoeamderangeofsafetyhazardssudaasaanlemao- :
tions associated with spark discharges and contact currents
" . from ungrounded conductors within the field. in addition, safety

hazards associated with combustion, ignition of flammable .

:_._,nmrnlsanddecuoetpbsuvadevnesmaustmﬂangr
intensity electric field is present. Care should be taken to

eliminate ungrounded objects, %0 ground such objects, orto . - . .
use insulated gloves when ungrounded objects must be han- -

“died. Prudence dictates the use of protective devices (eg., -
smls.gloves.andmsulabon)inatlﬁaldsmeedmgﬁkVim.,;

a-Formkersmmeardiacpacmkers.meanaynapm- S

'tobesuscephbletonruerlerencebypmer-trequency(swo :
121 ‘ o

alo




Hz) electric fields as low as 2 Kvim. it is recommended that,
tacking specific information on electromagnetic interference
from the manufacturer, the exposure of pacemaker wearers
should be maintained at or below 1 KVim.
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